Purpose: Cellular processes are regulated by signals generated by adhesion receptors and growth factor receptors. IGFbinding protein 1 (IGFBP-1) is a molecule which may affect the both signaling pathways through inactivation of IGF-I (ligand for IGF-IR) and binding to RGD region of integrin receptors. Whether this phenomenon is important in communication between insulin-like growth factor receptor (IGF-IR) and β1-integrin receptor in regulation of prolidase activity and collagen biosynthesis is the aim of this study.
INTRODUCTION
Cellular processes are regulated by signals generated by adhesion receptors and growth factors receptors. Several lines of evidence indicate that the intensity of metabolism and cell differentiation is contingent upon the communication between these receptors to modulate their signalling pathways. This phenomenon is known in literature as "cross talk". One of the examples is "cross talk" between insulinlike growth factor receptor (IGF-IR) and the β 1 -integrin receptor. It has been demonstrated that in fibroblasts and some cancer cell lines these two receptors generate in cooperation signalling pathways that stimulate adhesion, migration and cell differentiation [1, 2] .
The best known IGF-IR signaling is phosphatidylinositol pathway leading to activation of Akt and transcription factors which stimulate expression of genes involved in the metabolism and transport of carbohydrates, protein biosynthesis and apoptosis [3, 4, 5] .
Another IGF-IR-dependent signal transduction is the Ras-Raf-dependent pathway of MAP-kinase activation through the proteins Shc, GRB-2 and Sos [6] . Activation of this pathway leads to induction of transcription factors that stimulate gene expression of proteins regulating cell growth and differentiation. It was shown that through this pathway IGF-I stimulates collagen synthesis, cell proliferation, prolidase activity and inhibits apoptosis [6, 7, 8] .
The amount of free IGF in circulation is regulated by family of IGF-I binding proteins (IGF BPs). They play a role as a transport proteins, regulate the half-life of IGF-I, protect IGF-I against proteolytic enzymes and may form reservoir of IGF-I. So far has been detected and mapped the sequence of fifteen IGFBPs. They differ between each other in size and strength of binding of IGF. Particularly noteworthy are IGFBP-1 and IGFBP-2, which in their structure contain the RGD sequence, which indicates the possibility of interaction with the integrin receptors [9, 10] .
Integrin receptors belong to a group of membrane receptors involved in cell-cell and cell-extracellular matrix protein interactions. They are heterodimers formed from two subunits (α and β). So far it has been identified 25 different α subunits and 9 β subunits [11] .
In addition to participation in the processes of adhesion and migration, integrin receptors mediate the processes of reorganization of the cellular skeleton, intracellular ion transport, metabolism, kinase activation, gene expression and regulation of the cell cycle. The result of integrin receptor stimulation by a ligand is activation of focal adhesion kinase (FAK), which through interaction with the Src kinase activates pathway leading to activation of MAP-kinase via Ras-Raf-dependent way. The similar pathway (except FAK participation) is generated by IGF-I receptor. The response is an increased expression of numerous proteins [2, 11, 12, 13, 14] .
Recent data support the important role of pathways generated by IGF-I receptor and integrin receptor in the regulation of many cellular functions. Akt is involved in regulation of cellular processes at the level of cytoplasm (cell growth, glucose metabolism regulation, activation of mTOR complex 1), mitochondria (apoptosis and glucose metabolism) and nucleus (regulation of transcriptional factors and apoptosis) [15] . Both the Akt and ERK signaling pathways take part in the regulation of mTOR, which is known as a regulator of various cellular processes, including proliferation, growth, differentiation and survival [16] .
IGFBP-1 inhibits collagen biosynthesis by inactivation of IGF-I, the major inducer of biosynthesis of this protein in fibroblasts. The ability of IGFBP-1 to bind to β 1 -integrin receptor suggests that this protein may also inhibit the signaling pathway generated by this receptor leading to the inhibition of collagen biosynthesis. Whether collagen biosynthesis is regulated by cross-talk between β 1 -integrin and IGF-I receptors is the aim of this study.
MATERIALS AND METHODS

Reagents
Dulbecco's phosphate buffered saline (DPBS), 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium liquid substrate reagent (BCIP/NBT), thrombin, mouse antiphospho-mitogen activated protein kinase (MAPK) antibody, rabbit anti-phospho-AKT, rabbit anti-AKT antibody, antimouse IgG, anti-rabbit IgG, and anti-goat IgG, were provided by Sigma Corp., USA, as were most other chemicals and buffers used. Dulbecco's minimal essential medium (DMEM) and fetal bovine serum (FBS) used in cell culture were products of Gibco, USA. Glutamine, penicillin and streptomycin were obtained from Quality Biologicals Inc., USA. Rabbit NFκB, rabbit anti-phospho-mTOR and rabbit anti-mTOR antibodies were provided by Cell Signaling Technology, Inc., USA. IGF-BP1 was provided by R&D Systems, USA. IGF-I and L-5[ 
Cell culture
Human skin fibroblasts were purchased from the American Type Culture Collection, (Manassas, Virginia, USA). The cells were maintained in DMEM supplemented with 10% FBS (HyClone Laboratories Logan, UT, USA), 2 mM glutamine, 50 U/ml penicillin, and 50 μg/ml streptomycin at 37°C in a 5% CO 2 incubator.
Determination of prolidase activity
The activity of prolidase was determined according to the method of Myara et al. [17] , which is based on colorimetric determination of proline using Chinard's reagent. Cells were scraped off and centrifuged at 200×g for 15 min and the supernatant was discarded. The cell pellet was suspended in 1 ml of 50 mM HEPES, pH 7.8, and sonicated for 3×10 s at 0°C. Samples were then centrifuged (12,000 ×g, 30 min) at 4°C and the supernatant was used for protein determination [18] and prolidase activity assays. Activation of prolidase requires incubation with Mn(II): 100 μl of cell extract supernatant was mixed with 100 μl of 50 mM HEPES, pH 7.8 containing MnCl 2 at a final concentration of 1 mM in the mixture. After incubation for 24 h at 37°C, the prolidase reaction was initiated by adding 100 μl of the activated mixture to 100 μl of 94 mM glycyl-proline (Gly-Pro) for a final concentration of 47 mM. After additional incubation for 1 h at 37°C, the reaction was terminated with the addition of 1 ml of 0.45M trichloroacetic acid. To parallel blank tubes, trichloroacetic acid was added at time "zero". Samples were centrifuged at 10,000 ×g for 15 min. The released proline was determined by adding 0.5 ml of the trichloroacetic acid supernatant to 2 ml of a 1:1 mixture of glacial acetic acid: Chinard's reagent (25 g of ninhydrin dissolved at 70°C in 600 ml of glacial acetic acid and 400 ml of 6 M orthophosphoric acid) and incubated for 10 min at 90°C. The amount of proline released was determined colorimetrically by monitoring absorbance at 515 nm and calculated using proline standards. Enzyme activity was reported as nanomoles of proline released per minute per milligram of protein.
Collagen biosynthesis
Cells were labeled for 24 h with the 5-[ 3 H]proline (5 μCi/ml, 28 Ci/mmol). Its incorporation into proteins was measured as described previously [19] . Incorporation of the tracer into collagen was determined by digesting proteins with purified Clostridium histolyticum collagenase, according to the method of Peterkofsky et al. [20] . The results are shown as combined values for the cell plus medium fractions.
Western blot analysis
Slab SDS/PAGE was used, according to the method of Laemmli [21] . Equal amounts of total cellular protein (25 μg) were electrophoresed on SDS-PAGE gels. After SDS-PAGE, the gels were allowed to equilibrate for 5 min. in 25mM Tris, 0. 
Statistical analysis
In experiments shown on Fig. 1 and Fig. 2 the mean values for 3 assays ± S.D. were calculated. The results were submitted to statistical analysis using the unpaired, one-sided student's t test, accepting P < 0.05 versus control as significant. 
Mean values from three independent experiments done in duplicates ± S.D. are presented. P<0.05 versus control cells cultured without FBS (2).
Figure 2. Collagen biosynthesis measured by 5-[
3 H]proline incorporation into proteins susceptible to the action of bacterial collagenase in confluent human skin fibroblasts incubated for 24 h in medium without FBS (1), containing thrombin at concentration 0.1 U/ml (2), IGFBP-1 at concentration 400 ng/ml (3), IGF-I at concentration 40 ng/ml (4), IGF-I at concentration 40 ng/ml with thrombin at concentration 0.1 U/ml (5) and IGF-I at concentration 40 ng/ml with IGFBP-1 at concentration 400 ng/ml (6).
Mean values from three independent experiments done in duplicates ± S.D. are presented. P<0.05 versus control cells (1).
Statistical analysis was performed using extended version of MS Excel 2007 software. For Western blot analysis the mean values of 6 pooled cell homogenate extracts are presented. The same amount of supernatant protein (25 μg) was run in each lane. The expression of β-actin served as a control for protein loading.
RESULTS
Prolidase activity and collagen biosynthesis were measured in confluent human dermal fibroblasts treated with Echistatin, a well-known disintegrin, at concentration 100 nM, insulin-like growth factor binding protein 1 (IGFBP-1) at concentration 200 ng/ml and 400 ng/ml, LY-294002 (2-(4-Morpholinyl)-8phenyl-4H-1benzopyran-4-one), a specific inhibitor of phosphatidylinositol 3-kinase, in concentration 50 µM and two ERK 1/2 inhibitors PD98059 and UO126 (1,4-Diamino-2,3-dicyano-1,4-bis(2-aminophenylthio)butadiene) at concentration 20 µM. Fibroblasts were incubated for 24h in medium with or without 10% FBS.
The cells cultured in FBS-deprived medium evoked decrease in prolidase activity (Fig. 1A, lane 2) and collagen biosynthesis (Fig. 1B, lane 2) , compared to control cells, cultured in 10% FBS (Fig.1A and B, lane 1) . Further inhibition of both processes were observed in the cells cultured in the presence of Echistatin in FBS-deprived medium (Fig. 1A and Fig. 1B, lane 3) . This is consistent with our previous studies on the role of β 1 -integrin receptor in regulation of prolidase activity and collagen biosynthesis [22] . Significant reduction of prolidase activity and collagen biosynthesis were found in the cells cultured in the presence of IGFBP-1 (Fig.1A and Fig.  1B, lanes 4 and 5) . Inhibition of proteins involved in signaling pathways generated by IGF-I receptor and β 1 -integrin receptor also resulted in reduction of prolidase activity and collagen biosynthesis. We found that blocking of phosphorylation of Erk 1/2 ( Fig.1 A and B , lanes 6 and 7) and PI3K ( Fig. 1A and Fig. 1B, lane 8) by specific inhibitors (PD98059, UO126 and LY-294002 respectively) contributed to down regulation of both processes. In contrast, activation of β 1 -integrin receptor by thrombin (Fig. 2, line 2) but not by IGF-BP1 (Fig. 2, line 3) stimulated collagen biosynthesis in fibroblasts cultured in FBS-deprived medium. The similar effect was achieved by IGF-I, ligand of IGF-IR (Fig. 2, line 4) . Supplementation of medium with both IGF-I and thrombin further increased collagen biosynthesis (Fig. 2, line 5) . The effect was not achieved when IGF-I was added to the cultured medium with IGF-BP1.
In our previous studies we provided evidence that changes in prolidase activity are associated with changes in phosphorylation of several kinases involved in regulation of expression of transcriptions factors [7, 23] . We found that the studied substances do not change the expression of integrin receptor and IGF-IR (data not shown) but modify the expression of proteins involved in cellular pathways generated by stimulation of these receptors. The addition of Echistatin and IGFBP-1 to the medium without FBS induces decrease in phosphorylation of ERK 1/2 ( Fig. 2 A, line 3,4,5) , mTOR (Fig.  2B, lanes 3,4,5) and Akt (Fig. 2C, lanes 3,4,5 ) and increase in expression of NFκB (Fig. 2D, lanes 3,4,5) .
DISCUSSION
Collagen is the most abundant extracellular protein in mammals. It constitutes about one-third of total body proteins and is a polypeptide containing the highest amount of iminobonds compared to all known proteins. It plays a significant role in maintaining tissue architecture and integrity. It has been also recognized as a ligand for β 1 -integrin receptors through which it may participate in regulation of some physiological and pathological processes [24, 25, 26] .
The most potent stimulator of collagen biosynthesis is insulin-like growth factor (IGF-I). The changes of circulating IGF-I level lead to changes of the collagen content in tissues [27, 28] . Important regulators of IGF-I activity are insulin-like growth factor binding proteins (IGFBPs) [29] . Until now it has been identified and sequenced six of IGFBP's (IGFBP-1 to IGFBP-6) with high affinity to IGF-I and nine of IGFBPs (IGFBP-rP 1-9) with low affinity to IGF-I. The object of our interest is IGFBP-1. This is protein of approximately 25 kDa that is expressed in greatest amounts during fetal development. It is known as a potent inhibitor of IGFmediated proteins synthesis, both in phosphorylated and nonphosphorylated form. Some data also suggest its participation in the processes that are not related to IGF-I regulation. The IGF-independent effect of IGFBP-1 is the result of its ability to interact with the cell surface integrin receptors [30] . This protein contains an Arg-Gly-Asp (RGD) integrin recognition sequence. Therefore, IGFBP-1 may affect the signaling pathways generated by integrin receptors. It has been proved, that IGFBP-1 has affinity for β 1 -integrin receptor, and through this receptor may induce changes in expression, differentiation and cell growth [2, 10, 31] . Our previous studies have shown that β 1 -integrin receptor is involved in signaling, that regulates collagen biosynthesis [14, 22] . In this report we suggest that IGFBP-1 may affect collagen biosynthesis through down-regulation of signal generated by the integrin receptor. An addition of IGF-BP1 to the medium of cultured fibroblasts contributed to decrease in collagen biosynthesis as demonstrated on Fig. 1 . The same effect was achieved by echistatin -β 1 -integrin blocker. When thrombin was used as a β 1 -integrin stimulatory ligand together with IGF-I as a IGF-IR stimulatory ligand, distinct increase in collagen biosynthesis was found (Fig. 2) . It suggest cross-talk between both receptors in the process of collagen biosynthesis.
In collagen degradation and biosynthesis an important role plays prolidase. Prolidase is an enzyme which catalyzes hydrolytic reactions of releasing proline or hydroxyproline from C-terminus of iminodi-and iminotripeptides derived from collagen and other proline-containing proteins. Released proline is reused for collagen biosynthesis. This enzyme catalyzes turn-over of proline-containing proteins [17, 22, 32] . It seems that activity of this enzyme may be a step-limiting factor in post-transcriptional regulation of collagen biosynthesis. Several data suggests that prolidasedependent regulation of collagen biosynthesis may take place at the transcriptional level [23, 33, 34] . Of special interest is β 1 subunit of integrin receptor. It plays an important role in biosynthesis of collagen. Stimulation of β 1 -integrin, for example, by thrombin (plasma coagulation factor, serine protease able to activate α 2 β 1 -integrin receptor) activates the signal pathway leading to increased production of collagen and an increase in prolidase activity and expression. Decrease in prolidase activity corresponds to increase in expression of NFκB. This transcription factor inhibits the expression of subunits of type I collagen [35] . It cannot be excluded that NFκB activation undergo indirectly through Sp factor involved in ERK/p38 MAPK signaling [36] . In this study we suggest that prolidase activity and collagen biosynthesis are regulated by both receptors: IGF-IR and β 1 -integrin receptor through proteins participating in pathways generated by these receptors, such as PI3K, Erk 1/2, Akt and mTOR. It suggests that "cross talk" between IGF-I receptor and integrin receptor play important role in regulation of prolidase activity and collagen biosynthesis.
